In patients with chronic renal failure on regular dialysis treatment, limboconjunctival degenerations and calcifications are commonly observed. In this study three groups ofpatients were followed over a period of6 years. The first group consisted of 47 patients with renal failure, the second group of 17 patients with renal failure and hyperparathyroidism not controlled by drugs, and the third group seven patients with primary hyperparathyroidism without renal failure. The aim of this study was to determine the progression of the limboconjunctival changes over time. The Grading of the corneolimbal lesions was performed at the first visit and after 3 and 6 years. The limbal calcification scores of both eyes were averaged. Serum calcium and phosphorus concentrations were determined in all patients and in 50 control subjects. The controls and the patients with primary hyperparathyroidism were not available for the second and final assessments. Linear regression, the X2 enumeration statistic, and analysis of variance were used as statistical tests.
In patients with renal failure on regular dialysis treatment, chalky white lesions can be observed clinically at the limbus.' These have been subsequently identified as hydroxyapatite. 2 The precipitation of hydroxyapatite is assumed to occur when the product of the serum concentrations of calcium and phosphorus exceeds the in vivo solubility product -that is, in a markedly supersaturated concentration. 3 In renal failure, with its complexity of chemical and metabolic disturbances and because of the changes brought about by therapy, one can expect ever changing serum calcium and phosphorus concentrations with a tendency, however, to low serum calcium concentrations early in renal failure and increasing serum calcium concentrations as the disease progresses and tertiary hyperparathyroidism sets in. Tertiary hyperparathyroidism is a secondary hyperparathyroidism uncontrolled by drugs that is characterised by high levels of serum calcium, phosphorus, and parathyroid hormone.
Certain constitutional diseases such as primary hyperparathyroidism, 4 In addition to the limbal degeneration, in all patients a mild or moderate calcification was present, even in the early stages of renal disease. This calcification was located in or rather over the area of degeneration. Limbal calcium salts were visible as a semilunar arc of delicate crystalline deposits adjacent to the scleral border. As the disease progressed, the degree of limbal calcification increased with the formation of coarse to very coarse amorphous plaques in some cases. Table 2 gives the degree of limbal calcification at the initial assessment, after 3, and after 6 years for patients.
In two cases of marked limbal calcification, the amorphous plaques extended on to the corneal tissue just beyond the central limbal rim. The calcific precipitates, fading in the central direction of the cornea, were shown biomicroscopically to be situated between the basal layers ofthe epithelium and the membrane ofBowman. These concretions occasionally flake, leaving painful corneal erosions that stained with fluorescein and a localised area of hyperaemia.7 Table 2 Limbal calcification in 47 patients with renal failure and on regular haemodialysis but without tertiary hyperparathyroidism, at the initial evaluation, and after 3 and 6 years, graded according to the system proposed by Porter and Crombie. The scores were averaged over the right and left eye and over the nasal and temporal corneal section observed in only two of the 47 patients with secondary hyperparathyroidism and renal failure. One of these two patients suffered from long standing renal insufficiency complicated by amyloidosis and the other patient had a serious diabetic nephropathy. The serum calcium concentrations differed significantly between the patients of the various groups but not between those with renal failure complicated by secondary hyperparathyroidism and the controls. The serum phosphorus concentrations also differed significantly between patients and controls but not between patients with secondary and tertiary hyperparathyroidism (Table 3 ).
Discussion
There have been different interpretations of the similarity and the relationship between Vogt's white limbus girdle and the limbal calcification in renal failure."' In patients in which the effects of renal failure in one eye or in one part of the eye preceded the contralateral side, our observed sequence of events was the development of degeneration, indistinguishable from the white limbus girdle type II, followed by calcification, initially as the deposition of a semicircular zone of delicate crystals and later as coarse amorphous calcific plaques as the metabolic situation deteriorated. The deposition of lime salts in the conjunctiva and the limbus may be related to the ability of these tissues to react with elastosis to uraemia. " Calcium salts can be deposited in a suitable matrix if the concentration of calcium and phosphorus exceeds the in vivo solubility product. This form ofcalcification in undamaged tissues is referred to as metastatic calcification. There is an increasing body of experimental evidence, however, summarised and amplified by Scarpelli,'2 that demonstrates that tissue damage always precedes calcification. Also clinically'3 it has to be remembered, that in healthy persons there is no calcium deposition in spite of the fact that the interstitial fluids are supersaturated with calcium and phosphorus. 14 In healthy persons the precipitation of calcium salts is usually prevented by protective serum proteins.
The production of a calcifiable matrix is necessary for the deposition ofcalcium salts. '5 Elastosis which precedes calcification could induce the formation of a calcifiable matrix but it is not in itself a matrix, as calcification has never been reported within the elastotic tissue itself.'°C alcification of the outer eye has a predilection for the immediate subepithelial site as it is believed that loss of carbon dioxide to the atmosphere occurs rapidly on the surface of the eye in the interpalpebral area. 8 The fall in pCO2 results in a rise of pH. Hydroxyapatite is less soluble in an alkaline environment so that these lime salts are precipitated in areas with a relatively high alkalinity.
In renal failure there is a rise in the serum phosphorus concentration because of decreased reabsorption causing the serum calcium concentration to fall reciprocally. The net result, however, is an increase of the product of the serum calcium and phosphorus concentration. Under these conditions there is a chalky white precipitation of lime salts in the conjunctiva and limbus. As the disease progresses there is increased activity of the parathyroid glands that can result in an increase in serum calcium levels leading to a different type of calcification. This corneal calcification is very similar to the band-shaped keratopathy of primary hyperparathyroidism. In primary hyperparathyroidism band-shaped keratopathy seems to be associated, among other things, with high serum calcium concentrations. In patients with renal failure complicated by tertiary hyperparathyroidism the serum calcium concentrations are significantly higher than in patients with renal failure and secondary hyperparathyroidism and this may be responsible for the development of band-shaped keratopathy in patients with tertiary hyperparathyroidism.
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